Seven sunflower (Helianthus annuus L.) inbred lines were crossed in 77 half diallel to obtain 21 F 1 hybrids. These lines were used to estimate general combining ability (GCA) and specific combining ability (SCA) effects for yield, head diameter, 1,000-seed weight, plant height and oil content in order to select suitable parents for hybridization and to identify the promising hybrids. The 7 inbred lines and 21 hybrids were planted in a randomized complete block design with three replications at Nakhon Ratchasima, Thailand during 2008-2009. General combining ability and specific combining ability were estimated for seed yield, head diameter, 1,000-seed weight, plant height and oil content. The results revealed that mean squares for GCA were highly significant for head diameter and significant for yield and oil content. Mean squares for SCA were highly significant for 1,000-seed weight and plant height, while those of yield, head diameter and oil content were non-significant. Components of variance showed that the GCA variance was higher than the SCA variance for yield, head diameter and oil content. These results indicated that additive gene action was more important than non-additive gene action for these traits. Inbred line 5A exhibited the highest GCA effects for yield and oil content, followed by the line 2A. Among all the crosses, 5A2A showed the greatest positive SCA effects for 1,000-seed weight and oil content. Thus, the two inbred lines (2A and 5A) revealed good potential to be used as parents for hybrid.
Introduction
Hybrids, due to their high yield potential, are being used throughout the world for increasing the productivity of sunflower. In the breeding program, it is very important to know the combining abilities of inbred lines that are used as parents in hybrids. Plant breeders can take advantage from such information on combining ability for developing high yielding lines and hybrids. Therefore, knowledge of combining ability is essential for selection of suitable parents for hybridization and identification of promising hybrids in breeding program. The diallel method of genetic analysis has been widely used to assess the combining ability of parents in hybrids (Miller et al., 1980; Kadkol et al., 1984; Sherrif et al., 1985) . The analysis of diallel cross by the method proposed by Griffing (1956) which partition the total genetic variation into general combining ability (GCA) of the parents and specific combining ability (SCA) of the crosses have been widely used. The GCA is the average performance of a particular inbred in a series of hybrid combinations, whereas SCA refers to the performance of a combination of specific inbred in a particular cross (Sprague and Tatum, 1942) . The GCA and SCA variances provide an estimation for additive and non-additive gene actions, respectively (Falconer, 1967) . Also, combining ability is used in understanding the nature of gene action involved in the expression of quantitative traits and to predict the performance of the progenies. In corn, Bello and Olaoye (2009) found that additive gene action was primarily involved in determining yield and other agronomic traits. In sunflower, various reports indicated the importance of both additive and non-additive genetic variances for yield and other characters (Kaya, 2004; Kaya and Atakisi, 2004; Mijic et al., 2008) . Mijic et al. (2008) reported that both GCA and SCA were significant for yield, oil content and oil yield, and estimates of GCA were greater than SCA in magnitude. Marinkovic (1993) reported that GCA effect was more important than SCA for oil content and he found that lines with high GCA gave higher yielding hybrids than lines with low GCA. However, Putt (1966) has reported for his materials that SCA was more important than GCA for seed yield, head diameter and 1,000-seed weight and he reported that generally the higher yielding lines produced the higher yielding hybrid.
This experiment was conducted to estimate GCA and SCA for seed yield, head diameter, 1,000-seed weight, plant height and oil content in 7 inbred lines and to determine perspective parental lines and hybrids of sunflower.
Materials and Methods
The materials for the present study were seven inbred lines of sunflower developed by Sunflower Breeding Program of Suranaree University of Technology (SUT), Thailand. These inbred lines were designated as 2A, 5A, 7A, 8A, 10A, 11A and 12A. All the inbred lines are of medium to high oil content. A half diallel cross of 7×7 without reciprocals proposed by Griffing (1956) and 60 kg K 2 O ha -1 . Recommended herbicides were used to suppress weeds. Diseases and insects were controlled by regular application of fungicides and insecticides. Data were recorded for seed yield, head diameter, 1,000-seed weight, plant height and oil content. Analyses of variance were computed for all characters over 2 locations. Griffing Method IV was used to estimate combining ability (Griffing, 1956 ). The analysis was based on the model by Griffing as: X ij = µ + g i + g j + s ij where X ij = the mean phenotypic value; µ = the general mean; g i , g j = GCA effects of the i th and j th parents, respectively; s ij = SCA effect of the cross i × j.
The estimates of GCA and SCA of parents and hybrids were obtained as:
GCA effects g i = SCA effects s ij = where X i ., X. j = means of the i th and j th parents, respectively; X.. = grand mean; n = number of parent lines.
Results and Discussion
There was no interaction between location × hybrid and the significant difference between locations was not found for all characters (data not shown). Thus, combined ANOVA of combining ability for yield, head diameter, 1,000-seed weight, oil content and plant height over two locations (SUT farm and National Corn and Sorghum Research Center) are presented in Table 1 . The mean square for GCA was highly significant for head diameter and significant for seed yield and oil content, indicating the importance of additive gene effect for these traits. The components of variance showed that GCA variance was higher than SCA variance for yield, head diameter and oil content. Furthermore, the ratio of GCA to SCA variance for these traits were higher than 1. The result indicated for these lines that additive gene action is important for yield, head diameter and oil content. Similar results were reported by others who also found that GCA variance was larger than SCA variance for these traits (Kaya and Atakisi, 2004; Mijic et al., 2008) . On the other hand, GCA mean squares were not significant for plant height and 1,000-seed weight. Mean squares for SCA were highly significant for plant height and 1,000-seed weight, while other characters were non-significant. This was similar to other reports (Jan et al., 2005; Khan et al., 2008) which found highly significant SCA effect for 1,000-seed weight. In addition, Khan et al. (2008) reported that SCA variance was greater than GCA variance for 1,000-seed weight, which showed greater manifestation of non-additive gene effect.
The GCA effects for yield and other characters of 7 inbred lines are presented in Table 2 . The results revealed that the parents 5A and 2A were good combiners for yield and oil content. The highest GCA effect for yield was observed for line 5A (8.54), followed by lines 2A (5.26) and 7A (3.44), whereas the lowest GCA value was observed for line 8A (-7.97), followed by lines 10A (-4.96 ). Significant additive genetic variance for seed yield exists in sunflower (Miller et al., 1980) , suggesting that selecting lines on the basis of yield should be useful in developing lines with good combining ability. The lines 5A showed the highest GCA (1.11) for oil content followed by lines 2A (1.08), whereas the lowest GCA value was observed for line 7A (-0.76). The highest GCA effects for head diameter was observed for line 10A (0.60), followed by lines 5A (0.56) and 11A (0.50). Previous research (Sawargaonkar and Ghodke, 2008 ) also reported positive GCA for yield, head diameter and oil content. In addition, the lines 5A appeared to be good combiners for seed weight (1.01). The preponderance of additive gene action observed for yield, head diameter and oil content indicates that there will be progress in selection form crosses involving inbred 2A and 5A.
The usefulness of a particular cross in exploiting heterosis is judged by the SCA effect of component lines. According to Sprague and Tatum (1942) the SCA is controlled by non-additive gene action. The SCA effect is an important criterion for the evaluation of hybrids. Mean squares for SCA were highly significant for 1,000-seed weight and plant height. The results indicated that non-additive effects were important for these traits. The SCA effects for 1,000-seed weight, plant height, yield and other characters of crosses are presented in Table 3 . The cross of 5A×2A showed the highest SCA effect for 1,000-seed weight (2.67), followed by the crosses of 12A×5A (1.94) and 7A×2A (1.31). In this research, increasing plant height was considered to be undesirable but increasing yield, oil content, 1,000-seed weight and head diameter were desirable. Also, the highest negative SCA effect for plant height was observed for the cross 12A×2A (-8.80 ). The importance in SCA effect was not found for yield, head diameter and oil content. However, the highest specific combination for seed yield was 12A2A (12.32), followed by 10A×5A (8.96). Among the crosses, 8A×7A showed the greatest positive SCA effect for head diameter (1.22), followed by 5A×2A (0.98). The best specific combinations for oil content were 10A×8A (1.94), followed by 5A×2A (1.45) and 8A×7A (1.22).
Conclusion
Seed yield, head diameter and oil content are important traits in sunflower. The results showed that for this set of inbred lines GCA effect gave greater proportion of variance than SCA effect, suggesting that additive gene effects were found governing the inheritance of yield, head diameter and oil content. Among the lines, 2A and 5A were found to be good general combiners for yield, oil content and 1,000-seed weight and also involved in promising cross combinations. The lines 5A and 10A exhibited maximum GCA effect for head diameter. Therefore, the performances of a single cross progeny can be predicted on the basis of GCA, because SCA mean squares were not significant. Among the crosses, 5A×2A had positive significant SCA value for seed yield, oil content, 1,000-seed weight and head diameter, which are the desired traits for better population. Therefore, the lines 2A and 5A have desirable agronomic traits and could be used as parents for hybrid due to their high performance and their hybrid having one of the highest SCA effect in yield, 1,000-seed weight and oil content. 
